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Description 

BACKGROUND OF THE INVENTION 

We have found that a group of new substituted azetidinones are potent elastase inhibitors and there- 
fore are useful anti-inflammatory/antidegenerative agents. 

Proteases from granulocytes and macrophages have been reported to be responsible for the chronic 
tissue destruction mechanisms associated with inflammation, including rheumatoid arthritis and emphyse- 
ma. Accordingly, specific and selective inhibitors of these proteases are candidates for potent anti-in- 
flammatory agents useful in the treatment of inflammatory conditions resulting in connective tissue de- 
struction, e.g. rheumatoid arthritis, emphysema, bronchial inflammation, osteoarthritis, spondylitis, lu- 
pus, psoriasis, atherosclerosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis and acute 
respiratory distress syndrome. 

The role of proteases from granulocytes, leukocytes or macrophages are related to a rapid series of 
events which occurs during the progression of an inflammatory condition: 

(1) There is a rapid production of prostaglandins (PG) and related compounds synthesized from arachi- 
donic acid. This PG synthesis has been shown to be inhibited by aspirin-related nonsteroidal anti-inflam- 
matory agents including indomethacin and phenylbutazone. There is some evidence that protease inhibi- 
tors prevent PG production; 

(2) There is also a change in vascular permeability which causes a leakage of fluid into the inflamed 
site and the resulting edema is generally used as a marker for measuring the degree of inflammation. This 
process has been found to be induced by the proteolytic or peptide cleaving activity of proteases, espe- 
cially those contained in the granulocyte, and thereby can be inhibited by various synthetic protease in- 
hibitors, for example, N-acyl benzisothiazolones and the respective 1,1-dioxides. Morris Zimmerman et 



(3) There is an appearance and/or presence of lymphoid cells, especially macrophages and polymor- 
phonuclear leukocytes (PMN). It has been known that a variety of proteases are released from the mac- 
rophages and PMN, further indicating that the proteases do play an important role in inflammation. 

In general, proteases are an important family of enzymes within peptide bond cleaving enzymes whose 
members are essential to a variety of normal biological activities, such as digestion, formation and disso- 
lution of blood clots, the formation of active forms of hormones, the immune reaction to foreign ceils and 
organisms, etc., and in pathological conditions such as the degradation of structural proteins at the ar- 
ticular cartilage/pannus junction in rheumatoid arthritis etc. 

Elastase is one of the proteases, tt is an enzyme capable of hydrolyzing the connective tissue compo- 
nent elastin, a property not contained by the bulk of the proteases present in mammals. It acts on a pro- 
tein's nonterminal bonds which are adjacent to an aliphatic amino acid. Neutrophil elastase is of particu- 
lar interest because it has the broadest spectrum of activity against natural connective tissue sub- 
strates. In particular, the elastase of the granulocyte is important because, as described above, 
granulocytes participate in acute inflammation and in acute exacerbation of chronic forms of inflamma- 
tion which characterize many clinically important inflammatory diseases. 

Proteases may be inactivated by inhibitors which block the active site of the enzyme by binding tightly 
thereto. Naturally occurring protease inhibitors form part of the control or defense mechanisms that are 
crucial to the well-being of an organism. Without these control mechanisms, the proteases would destroy 
any protein within reach. The naturally occurring enzyme inhibitors have been shown to have appropri- 
ate configurations which allow them to bind tightly to the enzyme. This configuration is part of the reason 
that inhibitors bind to the enzyme so tightly (see Stroud, "A Family of Protein-Cutting Proteins" §cL AHL 
July 1974, pp. 74-88). For example, one of the natural inhibitors, ai-Antitrypsin, is a glycoprotein con- 
tained in human serum that has a wide inhibitory spectrum covering, among other enzymes, elastase both 
from the pancreas and the PMN. This inhibitor is hydrolyzed by the proteases to form a stable acyi en- 
zyme in which the active site is no longer available. Marked reduction in serum ai-antitrypsln, either ge- 
netic or due to oxidants, has been associated with pulmonary emphysema which is a disease character- 
ized by a progressive loss of lung elasticity and resulting respiratory difficulty, ft has been reported 
that this loss of lung elasticity is caused by the progressive, uncontrolled proteolysis or destruction of 
the structure of lung tissue by proteases such as elastase released from leukocytes J. C. Powers, It 
B5L211 (1976). 

Rheumatoid arthritis is characterized by a progressive destruction of articular cartilage both on the 
free surface bordering the joint space and at the erosion front built up by synovial tissue toward the car- 
tilage. This destruction process, in turn, is attributed to the protein-cutting enzyme elastase which Is a 
neutral protease present in human granulocytes. This conclusion has been supported by the following 
observations: 

(1) Recent histochemical investigations showed the accumulation of granulocytes at the carti- 
lage/pannus junction in rheumatoid arthritis; and 
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(2) a recent investigation of mechanical behavior of cartilage in response to attack by purified 
elastase demonstrated the direct participation of granulocyte enzymes, especially elastase, in rh uma- 
toid cartilage destruction. H. Menninger et al., in Biological Fu nctions of Pr oteinases. H. Holzer and H. 
Tsch sche, eds. Springer-Verlag, Berlin, Heidelberg, New Y rk, pp. 196-206, 1979. 

5 

Accordingly, an object of this invention is to discover new protease inhibitors, especially elastase in- 
hibitors, useful for controlling tissue damage and various inflammatory or degenerative conditions medi- 
ated by proteases particularly elastase. 

Another object of the present invention is to provide pharmaceutical compositions for administering 
10 the active substituted azetidinones as protease inhibitors especially human leukocyte elastase. 

Still a further object of this invention is to provide a method of controlling inflammatory conditions by 
administering a sufficient amount of one or more of the active, substituted azetidinones in a mammalian 
species in need of such treatment 

15 DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to potent elastase inhibitors of formula (I) which are useful in the prevention, 
control and treatment of inflammatory/degenerative conditions especially arthritis and emphysema 

A large number of derivatives of the azetidinone of formula (I) are known antibiotics which have been 
20 described in patents DE 2 91 1 589, DE 2 824 554, 2 748 827, US 4 493 389 and various publications. 

The formula of the substituted azetidinones which are found to exhibit anti-inflammatory and antide- 
generative activities by the present invention are represented as follows: 



25 



55 



H 



wherein: * ~ 

- the wavy lines mean that R, Ri, H and R3 can be at the a or the p positions and 

35 -RisiHor ~ 
Ct-s alkyl. 
-Riis:H 
Cr-e alkyl 

C2-eaIkenyi ' •>" 

40 Ct-ealkoxyor 
CeHs 

- R3 is: SO-Ci-* aikyl 
COO-C1-8 alkyl 

COO-CH2-CeHs with CeHs eventually substituted in para-position by -COOH 
45 O-CO-Ct-e alkyl with Ct-s alkyl eventually substituted In terminal position by -COOH 
O-CO-CeHs 

O-CeHs with CeHs eventually substituted in para-position by -COOH 

^C. , alkyl 

C l-6 alkyl-COOH or 



CO 



with the proviso that when A - H, If R = Ri » H, R3 is different of -O-CO-Ct-ealkyl, -O-CO-CeHs <> r 
0-C$H 5 and If R « Ri - CH3, R3 is different from O-CO-CH3. 
-Als:H 

60 CO-d-e alkyl, Ct-e alkyl eventually substituted by -COOH in terminal position 
CO-CsHs 
CO-NH-Ct-e alkyl 
CO-O-Ct-s alkyl 
S03-(Bu)4N* or 

65 S02-CeHs, CeHs being substituted in para-position by NO2 or CH3. 
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The compounds of the present invention mey be obtained from derivatives which are ever disclosed in 
iitterature (AT 375 640. AT 295 547, DE 3 007 298. DE 2 842 466. DE 2 046 823, DE 2 046 822, DE 1 
945 542, GB 2 093 839. GB 1 604 752, US 4 51 0 086. EP 0 076 621 . EP 0 042 026). 

Schema (a) as illustrated by Examples 1-4. 

s 

,1 «2 



10 



1 .2 

3 



-** — NH or A 2 0 (when A » •Ikinoyl) J J„ 



15 wherein X is halo; 

A is as previously defined, e.g., 
-SOHp-NOa-Ph), -COCH3. 
etc. 

Scheme (b) as illustrated by Examples 5-7. 



20 



>COOR 5 



OKC-COO* 5 ♦ KHj-^Y > | (C) 



,COOB 5 



30 



35 



I 1 . 5 




40 when 



50 (D) CMC. J NH <2> »tt 4 *X~ cy J - S 

0 No 3 -HBu/ 

wherein 

55 CAN is cem'c ammonium nitrate. 

Scheme ftfl as illustrated by Examples 2-3. 

P 1 OCOCH, R 1 

^/ + ClS0 2 N-C-0 ► J ~F 



4 



EP 0199 630 B1 



20 



25 



Scheme (6) as taught by Hart, D.J. ej al. (J- Org. Chem., 4& PP- 289-294, 1983); the following ciass 
of compounds can be prepared. 



I 

/Si- 

R- CHO + Ll-K I 
\Si- 



2 1 



I 



10 i 

R ^CH-C0„R 5 



o r 



^•d NB 



15 wherein Rs is H, Ci-ealkyi or aryl. " A . .„ . 

Scheme (e) as taught by P.J. Reider and EJJ. Grabowski net. Lett. . 23, p. 2293, 1982): the following 
groups of compounds can be prepared. 



/ 



C0OH DBjOH/H 



CH 2 CH 2 NH 2 2) t-Bu5i (CH 3 ) 2 CL 
C00H 3)BuK g CL "~ " 0 




30 



35 



(O 



(O 



rJcoob 

J KH 



wherein Ri is as previously defined and B is aikyi or benzyl. 

This invention also relates to a method of treating inflammation in patients using a compound of Formu- 
la (I), particularly an especially preferred compound as the active constituent 
It has been found that the compounds of Formula (I) have anti-inflammatory and/or anti-degeneration 
40 activity and are effective In the prevention and inhibition of edema and granuloma tissue formation as 
shown below in Table I by the effective inhibition of the proteolytic function of human granulocyte 
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C00C 2 H s 


»2 <H WV 
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S0 2 (P ^6 H 4 CH 3 ) 
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CO0C 2 H g 
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TABLE IT (Continued) 

R' «" * (juAnl \ (JIM) OMSec") 



IC. n W k2/M 





H 


C 2 H 5 


(cis) 


OCOPh 


COCH. 

wwv 


0.21 


26500 


10 


H 


C * H 5 




ococh 3 


COCH 2 CH 2 COOH 
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OCOCHj 
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0.34 
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C 2 H 5 


(trans) 


OC 2 H 5 


COCHj 
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20 
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C 2 H S 
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OPh-p-COOH 


C0CH3 


3.40 
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C 2 H 5 


(trans) 


OPh-p-COOH 




2.10 
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H 


C 2 H 5 


(trans) 


OPh-p-COOH 
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25 


H 


C 2 H 5 


(cis) 


C0N(CH 2 ) 4 


S0 2 (H: 6 H 5- CH 3 ) 


27.70 


541 




H 


C 2 H 5 


(cis) 


C00CH 2 C 6 H 5 -p-C00H 


S0 2 (P " C 6 H 5" C V 


4.20 


299 




H 


C 2 H 5 


(cis) 


C0N(CH 3 )CH 2 C00H 


S^O-C^-CHg) 


22.00 


165 



30 



ICjqIS the effective dosage in micrograms per milliliter (|ig/m1) for 502 
Inhibition of the enzyme activity two minutes after time zero. K1 is the 
concentration of the inhibitor (micromolar, ||M) giving 50% of the control 
enzyme activity. k2/K1 (M-l sec* 1 ) is the second order rate constant of 
inactivation of the enzyme. 



Protocol - Enzyme Assays for the Inhibition of Human Polymorphonuclear Leukocyte Elastase Via Hy- 
drolysis of r^t-Boc-aJanvl-alanv>H)rolvlalanine-D-nrtroanilide Reagents: 

45 0.05M TES (N-tristhydroymethyl]methyl-2-amino-ethanesulfonlc acid) Buffer, pH 7.5. 
0.2 mM N-t-Boc-alanyl-alanyl-proIyl-alanine-p-nitroanilide (Boc-AAPAN). 

To prepare substrate, the solid (m.w. 550) was first dissolved in 10.0 mi DMSO. Buffer at pH 7.5 was 
the added to a final volume of 100 mi. 
Crude extract of human polymorphonuclear leukocytes (PMN) containing elastase activity. 
50 inhibitors (azetidinones) to be tested dissolved in DMSO just before use. 

Assay Proffldtire; 

To 1.0 ml of 0.2 mMa Boc-AAPAN in a cuvette, 0.01-0.1 ml of DMSO with or without inhibitor was add- 
55 ed. After mixing, a measurement was taken at 410 mji to detect any spontaneous hydrolysis due to pres- 
ence of test compound. 0.05 Milliliters of PMN extract was then added and the AOD/min at 410 mn was 
measured and recorded. Beckman model 35 spectrophotometer was used. 

Results: 

60 

Results in Table I were reported as IC50, i.e., effective dosage in micrograms per milliliter fog/mi) for 
50% inhibition of the enzyme activity 2 minutes after zero time. 

Alternatively, results in Table II were expressed as W, the micromolar concentration of the inhibitor 
fciM) giving 50% of the control enzyme activity; or as k2/W which is the second order rate constant in 
65 per mole per second for inactivation of the enzyme. 
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Comments; 

The eiastase activity in the caide PMN extract may vary from one preparation to another. A control 
of each new batch is run, and the volume added in the assay is adjusted according to activity. 
5 Accordingly, the compounds of Formula (I) can be used to reduce inflammation and relieve pain in dis- 
eases such as emphysema, rheumatoid arthritis, osteoarthritis, gout bronchial Inflammation, atheroscle- 
rosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis, infectious arthritis, rheumatic fever and 
the like. 

For treatment of inflammation, fever or pain, the compounds of Formula (I) may be administered orally, 

10 topically, parenterally, by inhalation spray or rectally in dosage unit formulations containing convention- 
al non-toxic pharmaceutical^ acceptable carriers, adjuvants and vehicles. The term parenteral as used 
herein includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion 
techniques. In addition to the treatment of warm-blooded animals such as mice, rats, horses, dogs, cats, 
etc., the compounds of the invention are effective in the treatment of humans. 

15 The pharmaceutical compositions containing the active Ingredient may be in a form suitable for oraJ 
use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may 
be prepared according to any method known to the art for the manufacture of pharmaceutical composi- 
tions and such compositions may contain one or more agents selected from the group consisting of 

20 sweetening agents, flavoring agents, coloring agents and preserving agents in order to provide pharma- 
ceutical^ elegant and palatable preparation. Tablets contain the active ingredient in admixture with non- 
toxic pharmaceutical^ acceptable excipients which are suitable for the manufacture of tablets. These ex- 
cipients may be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calci- 
um phosphate or sodium phosphate; granulating and disintegrating agents, for example, com starch, or 

25 aiginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, for example 
magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be coated by known 
techniques to delay disintegration and absorption in the gastrointestinal tract and thereby provide a sus- 
tained action over a longer period. For example, a time delay material such as glyceryl monostearate or 
glyceryl distearate may be employed. 

30 Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredi- 
ent is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as 
soft gelatin capsules wherein the active ingredient is mixed with water or an oil medium, for example pea- 
nut oil, liquid paraffin, or olive oil. 
Aqueous suspensions contain the active materials in admixture with excipients suitable for the manu- 

35 facture of aqueous suspensions. Such excipients are suspending agents, for example sodium carb- 
oxymethytcellulose, methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrro- 
lidone, gum tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occurring phos- 
phatide, for example lecithin, or condensation products of an alkylene oxide with fatty acids, for example 
polyoxyethytene stearate, or condensation products of ethylene oxide with long chain aliphatic alcohols, 

40 for example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial es- 
ters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for exam- 
ple polyoxyethylene sorbitan monooleate. The said aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, one or 

45 more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspension may be formulated by suspending the active ingredient in a vegetable oil, for example 
arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. The oily suspen- 
sions may contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening 
agents such as those set forth above, and flavoring agents may be added to provide a palatable oral 

50 preparation. These compositions may be preserved by the addition of an antioxidant such as ascorbic 
acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition 
of water provide the active ingredient in admixture with a dispersing or wetting agent suspending agent 
and one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exem- 
55 plified by those already mentioned above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present 

The pharmaceutical compositions of the invention may also be in the form of oiHn-water emulsions. 
The oily phase may be a vegetable oil, for example olive oil or arachis oils, or a mineral oil, for example liq- 
uid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-occurring gums, for exam- 
60 pie gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, and 
esters or partial esters derived from fatty acids and hexitol anhydrides, for example sorbitan mono- 
oleate, and condensation products of the said partial esters with ethylene oxide, for example polyoxy- 
ethylene sorbitan monooleate. The emulsions may also contain sweetening and flavoring agents. 
Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, 
65 sorbitol or sucrose. Such formulations may also contain a demulcent a preservative and flavoring and 
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coloring agents. The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
oieagenous suspension. This suspension may be formulated according to the known art using those suit- 
able dieporeing or wotting agents and suspending agonts which have been mentioned aim Tho sterile 

injectable preparation may also be a sterile injectable solution or suspension in a non-toxic parenteral^- 

5 acceptable diluent or soiv nt, for example as a solution in 1,3-butane dlol. Among the acceptable vehi- 
cles and solvents that may be employed are water, Ringer's solution and isotonic sodium chloride solu- 
tion. In addition, sterile, fixed oils ar conventionally employed as a solvent or suspending medium. For 
this purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, 
fatty acids such as oleic acid find use in the preparation of injectables. 

10 The compounds of Formula (I) may also be administered in the form of suppositories for rectal adminis- 
tration of the drug. These compositions can be prepared by mixing the drug with a suitable non-irritating 
excipient which is solid at ordinary temperatures but liquid at the rectal temperature and will therefore 
melt the rectum to release the drug. Such materials are cocoa butter and polyethylene glycols. 
For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the anti-inflam- 

15 matory agents are employed. 

Dosage levels of the order to 0.2 mg to 140 mg per kilogram of body weight per day are useful in the 
treatment of the above-indicated conditions (10 mg to 7 gms. per patient per day). For example, inflamma- 
tion is effectively treated and anti-pyretic and analgesic activity manifested by the administration from 
about 0.5 to 50 mg of the compound per kilogram of body weight per day (25 mg to 3.5 gms per patient per 

20 day). Advantageously, from about 2 mg to about 20 mg per kilogram of body weight per daily dosage pro- 
duces highly effective results (50 mg to 1 gm per patient per day). 

The amount of active ingredient that may be combined with the carrier materials to produce dosage 
form will vary depending upon the host treated and the particular mode of administration. For example, a 
formulation intended for the oral administration of humans may contain from 5 mg to 5 gm of active agent 

25 compounded with an appropriate and convenient amount of carrier material which may vary from about 5 
to about 95 percent of the total composition. Dosage unit forms will generally contain between from about 
25 mg to about 500 mg of active ingredient 

It will be understood, however, that the specific dose level for any particular patient will depend upon 
a variety of factors including the activity of the specific compound employed, the age, body weight gen- 

30 eral health, sex, diet time of administration, route administration, rate of excretion, drug combination and 
the severity of the particular disease undergoing therapy. 

EXAMPLE 1 

35 1 -r>nitroDhenvlsulfonvt-4-benzvloxvcarbonvl azetidin-2-one 

Diazabicycioundecane (152 mg, 1 mM) was added to a mixture of 205 mg (1 mM) azetidinone and 181 mg 
(1 mM) p-nitrobenzenesulfonyl chloride in 10 ml methylene chloride at room temperature. After stirring 
2-% hours, the orange solution was washed with water, dried over MgSCU, and concentrated in vacuo . 
40 The residue was chromatographed on silica gel in hexane/ethyl acetate to yield 64 mg (17%) of 1-p-nitro- 
phenylsutfonyl-4-benzyloxycarbonyi azetidin-2-one. 

NMR (CDCIa): 8 3.3 (2H, doublet-quartet), 4.8 (qt. 1H), 5.2 (s, 2H), 7.2 (s, 5H), 8.2 (mrt 4H). 
EXAMPLE 2 

45 . 

1 -Acetyl-3,3-dimethyl-4-acetoxya2etidin-2-one 

Step A : Preparation of 2-methyl-prop-1-enylacetate 

50 A mixture of 72 g (1 M) isobutyraldehyde, 153 g (1.5 M) acetic anhydride and 12 g (0.125 M) potassium 
acetate was refluxed seven hours. The cooled reaction mixture was washed with water and stirred with 
300 ml saturated NaHCOa at 0°C for 45 minutes. The organic phase was dried over K2CO3 to yield a yel- 
low oil which was distilled at atmospheric pressure to give 35.41 g (31%) of 2-methyl-prop-1-enylacetate, 
b.p. 122-126°. 

55 NMR (CDCb): 8 1 .6 (s, 6H), 2.1 (s, 3H), 6.9 (ml 1 H). 

Step B : Preparation of 3-3-dimethyl-4-acetoxyazetidin-2-one 

Chlorosulfonyl isocyanate (16 ml) was added to a solution of 22.8 g (0.2 M) 2-methyi-prop-1-enylace- 
60 tate in 50 mi methylene chloride at 0° under nitrogen. After stirring at 0° for 20 hours, the reaction mix- 
ture was added to a mixture of 20 ml water, 90 g ice, 48 g NaHCOa and 16.6 g NaaSOa and stirred at 0° 
for 30 minutes. This was then extracted with 300 ml CH2CI2 and the organic phase washed with brine, 
dried over MgS04 and concentrated in vacuo to give 27.75 g oil which was chromatographed on silica 
gel in hexane/ethyl acetate to yield 2.17 g (8.5%) of 3,3-dimethyl-4-acetoxyazetidin-2-one. 
65 NMR (CDCIa): 6 1 .2 (s, 3H), 1 .3 (s, 3H), 2.2 (s, 3H), 5.6 (s, 1 H). 
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Step C : Preparation of 1-ac8tyl-3 t 3-dim thyW-acetoxyazetidin-2-one 

A mixture of 283.3 mg (1.8 mM) ^S-dimethyl^acetoxyazetidin^-one, 2 mi pyridine and 2 mi acetic 
anhydride was heated to 100° in a sealed tube for 36 hours. The reaction mixture was concentrated ]q 
5 vacuo and the r sidue chromatographed on silica g I in hexane/ thyl acetate to yield 295 mg (82%) of 
1 -acetyl-3,3-dimethyl-4-acetoxyaz tidin-2-one. 
NMR (CDCb): 6 1.2 (s, 3H), 22 (s, 3H), 2.5 (s, 3H), 6.1 (s, 1H). 

EXAMPLE 3 

10 

1-Acety|-4-qcetoxY-3-n-propyia^tidin-gi?ng 
Steo A : Preparation of Pent-1-enylacetate 

15 A mixture of 86 g (1 M) valeraldehyde, 153 g (1 .5 M) acetic anhydride, and 12 g (0.125 M) potassium ace- 
tate, was refiuxed for 8 hours. The cooled mixture was then stirred with 100 m! saturated aqueous NaH- 
CO3 for one hour. The organic phase is separated, dried over K2CO3, and distilled at 40 mm to yield 
46.15 g (45%) of pent-1-enylacetate, b.p. 89°C. 

NMR (CDCI3): 5 1.0 (tr, 3H), 1.2-2.0 (mlt, 4H) f 2.1 (s, 3H), 4.7-5.6 (mit., 1H), 7.0-7.3 (mlt, 1H). 

20 

Step B : Preparation of 4-acetoxy-3-n-propylazetidin-2-one 

Eight hundred microliters of chlorosulfonyl isocyanate was added to a solution of 1.28 g (10 mM) pent- 

1- enyl acetate in 5 mi methylene chloride at 0° under nitrogen. After stirring at 0° 5 days, the reaction mix- 
25 ture was added dropwise to a mixture of 5 g ice, 1.15 mi water, 2.82 g NaHCOs and 1.0 g NaaSOa and 

stirred at 0° for 30 minutes. The mixture was extracted with 2 x 25 ml methylene chloride and the combined 
organic phases washed with brine, dried over MgS04, and concentrated ]rj vacuo . The residue was 
chromatographed on silica gel in hexane/ethyl acetate to yield 60 mg trans 4-acetoxy-3-n-propylazetidin- 

2- one (3.4%). 

30 NMR (CDCI3): 5 1 .0 (mlt, 3H) f 1 .7 (mlt, 4H), 2.2 (s, 3H), 3.2 (tr, 1 H), 5.6 (s, 1 H), 6.7 (Irs, 1 H). 

Step C : Preparation of 1-acetyl-4-acetoxy-3-n-propylazetidin-2-one 

A mixture of 56 mg (0.33 mM) 4-acetoxy-3-propylazetidin-2«one, 1 ml acetic anhydride and 1 mi pyrid- 
35 ine was stirred at 100° in a sealed tube for 24 hours. After concentrating in vacuo the residue was chro- 
matographed on silica gel in hexane/ethyl acetate, to yield 16 mg (23%) 1-acetyl-4-acetoxy-3-n-propyl- 
azetidlne-2-one. 

NMR (CDCI3): d 1 .0 (br tr, 3H), 1 .7 (mlt, 4H), 2.2 (s, 3H), 2.4 (s. 3H), 3.2 (tr, 1 H), 6.1 (d. 1 H). 
40 EXAMPLE 4 

1-Acetyi-4-methvlsulfinvlazetidln-2>one 

Step A : Preparation of 1-acetyM-methyithioazetidin-2-one 

45 

A mixture of 300 mg (2.6 mM) 4-methylthioazetidin-2-one, 10 ml acetic anhydride and 10 ml pyridine was 
stirred at 100° in a sealed tube 24 hours. After concentrating in vacuo, the residue was chromato- 
graphed on silica gel in hexane/ethyl acetate to yield 324 mg (78%) of 1-acetyl-4-methylthioazetkJine-2- 
one. 

50 NMR (CDCb): 8 2.4 (s, 3H), 2.41 (s, 3H), 3.2 (doublet-quartet, 2H), 5.1 (doublet-doublet, 1H). 

Step B : Preparation of N-acetyi-4-methylsulfinyiazetidin-2-one 

A mixture of 130 mg (0.82 mM) N-acetyW-methylthioazetidinone and 200 mg (0.93 nM) 80% m-chloro- 
55 perbenzoic add in 5 mi methylene chloride was stirred at room temperature 5 minutes. After removing the 
solvent in vacuo . The residue was chromatographed in 2-2000 n silica gel plates in hexane/ethyl acetate 
to yield 57 mg (40%) of 1-acetyI-4-methylsuifinylazetidine-2-one. 
NMR (CDCb): 6 2.4 (s, 3H), 2.6 (s, 3H), 3.5 (mlt, 2H), 4.9 (mlt, 1 H). 

60 EXAMPLES 

4-Carboethoxv-3-methoxvazetidin-2-one 

To a solution of 1.4 g of 4-carboethoxy-3-methoxy-1-(p-methoxyphenyl)a2etidine-2-one in 50 ml ace- 
65 tonitrile at 0* was added a solution of 8.23 g of cerric ammonium nitrate in 50 ml H2O over 3 minutes. Af- 
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t r stirring at 0° for 1 h ur the s lution was poured into 200 ml of 10% sodium sulfite and extracted with 3 
x 75 ml of ethyl acetate. The combined organic extracts were washed with 10% sodium sulfite and saturat- 
ed sodium chl ride solutions and dried ov r sodium sulfate. Filtration and evaporation gave an amber oil 
which was recrystallized fr m methylen chloride/h xan to give 700 mg of 4-carboethoxy-3-meth- 
5 oxyazetidine-2-one; m.p. 91-92°. 

NMR (CDCIa): 8 7.1 (br.s, 1H), 4.7 (dd, 4=2, J 2 =5, 1H) f 4.3 (d f J-5, 1H), 4.15 (q, J=7, 2H), 3.4 (s, 3H) f 
1.25 (t, J-7, 3H). 

Following substantially the same procedure as described in Example 5 but using an appropriate 3-sub- 
stituted azetidinone compounds (aHc) = were prepared: 

10 

[a] 4-Carboethoxv-3-ohenvlazetidin-2>one>2-fel8 and trans) 

NMR (CDCI3): as: 8 7.2 (s, 5H) t 6.4 (br.s., 1H), 4.7 (d, J=6, 1H), 4.4 (d, J=6, 1H), 3.7 (q f J=7, 2H), 
0.75 (t, J«7, 3H); JrSDS: 8 7.2 (s, 5H), 6.9 (br.s, 1H), 4.3 (br.d, J=2, 1H), 4.1 (q, J»7, 2H), 4.0 (d, J=2, 1H), 
15 1.2(J=*7,3H). 

<b) 4-Carboethoxv^vinvlazetidln-2-onefcis and trans) 

NMR (CDCI3) Pis: 8 7.1 (br.s., 1H, 5.2-5.8 (m, 3H), 4.0-4.4 (m, 4H), 1.25 (t, J»7, 3H); trans: 5 7.25 
20 (br.s., 1 H), 5.0-6.2 (m, 3H), 4.1 (q, J=7, 2H), 3.9 (d, J=2, 1 H), 3.7. (dd f Ji=2, J 2 »7, 1 H). 1 .2 (t, J«7, 3H). 

(c) 4-Carboethoxv-3-ethvlazetidin-2-one 

Cis: NMR (CDCI3): 8 6.9 (br. s., 1H); 4.2 (m, 3H); 3.4 (dd, Ji«6, J 2 =8, 1H); 1.51 (q, J-8, 2H); 1.2 (t, J-7, 
25 3H);1.0(t, J=8,3H). 

Trans: NMR (CDCI3): 8 6.8 (br. s., 1H); 4.2 (q, J=7, 2H); 3.8 (d, J=2, 1H); 3.2 (dd, Ji«2, J 2 =7, 1H); 1.8 
((dq, Ji-2, J 2 «8, 2H); 1 .2 (t, J-7, 3H); 1 .0 (t, J=8, 3H). 

EXAMPLE 6 

30 

4-Carboethoxv-3-methoxva2etidin-2-one-1 -sulfonic acid tetrabutvlammonium salt 

To a solution of 4-carboxy-3-methoxyazetidin-2-one in 5 mi of pyridine at 80° was added 250 mg of sul- 
fur trioxide pyridine complex, and the resulting mixture was stirred for 30 minutes at 80°. The solution was 

35 poured into 100 ml of 0.5 N KH2PO4 and extracted with 2 x 25 ml of methylene chloride. The combined or- 
ganic washes were back-extracted with 25 mi of KH2PO4 solution. The combined aqueous phases were 
then treated with 680 mg of tetrabutyiammoniurn hydrogen sulfate and extracted with 3 x 50 ml of methyl- 
ene chloride. After drying (sodium sulfate) and evaporation of the organic phase the crude 4-car- 
boethoxy-3-methoxy azetidin-2-one-1 -sulfonic acid tetrabutyiammoniurn salt was chromatographed to 

40 yield pure as an oil. 

NMR (CDCI3): 8 4.55 (d, J=6, 1H), 4.5 (d, J=6. 1H), 4.1 (q, J=7, 2H), 3.4 (s,3H), 3.2 (m, 8H), 0.8-1.8 (m, 
31 H). 

Applying the same procedure as described above, the following tetrabutyiammoniurn salt of other aze- 
tidine derivative was prepared: 

45 

4>Carboethoxv-3-vin viazetidln-2-one-1 -sulfonic acid tetrabutvlammonium salt 

EXAMPLE 7 

50 4-Carboethoxv-1-(p-nftrote 

To a solution of 720 mg of 4-cart>oethoxy-3-trans-pheny1azetidin-2-one in 20 ml methylene chloride at 
0° were added sequentially 595 mg of p-nitroberuenesulfonyl chloride and 0.48 ml of DBU. The solution 
was stirred for several hours, diluted with 50 ml of methylene chloride, washed once with water and dried 
55 over sodium sulfate. Filtration and evaporation gave a crude residue which was chromatographed to 
yield pure 4-<^oethoxy-1-(r>nitrobenzenesulfonyl)-3"Phenyl-azetidln-2-one. 

NMR (CDCIa): 8 8.3 (d, J«9, 2H), 8.2 (d, J-9, 2H), 7.2 (br.s.. 5H), 4.0 (q, J«7, 2H), 3.7 (m, 2H), 1.2 
(t, J=7, 3H. Similarly prepared was the corresponding cis-3-phenyl compound. NMR (CDCI3): 6 8.4 
(d, J=9, 2H), 8.25 (d, Jo9, 2H), 7.2 (s, 5H), 5.0 (s, 1 H), 3.7 (m, 3H), 0.85 (t, 5-7, 3H). 
60 Following the same procedure as described above but using appropriate reagents, the following com- 
pounds were prepared: 



65 



12 



EP0199 630B1 



fol 4-Carboethoxv-1-ftwiitrobenz nsulfonvn-3-vinvlazetidlrv2-on 

NMR (CDCIa): sis: d 8.3 (d, J=9, 2H), 8.2 (d, J-9, 2H), 5.2-6.0 (m, 3H), 4.0-4.6 (m, 4H), 1.2 (t, J«7, 
3H); trans: d 8.2 (d f J»9, 2H), 8.1 5 (d, J-9. 2H), 5.2-6.0 (m, 3H), 3.9^.4 (m, 4H), 1 .25 (t, J=7, 3H). 

(b) 4-Carboethoxv-3-ethvl-1 -/f>nrtrobenzene8uffonvl^a2etidin-2-ona 

EXAMPE 8 

10 4-A(?etPXY-3-n-PrPPYl^QWir>-^n^1-9ufon!c ado 1 tStTEbujvlammQntom $9lt 

A solution of 82 mg (0.463 mmole) 3-propyl-4-acetoxyazetidin-2-one in 5 ml pyridine was heated to 
80°, 221 mg (1.39 mmole) sulfur trioxide-pyridine complex was added and the reaction mixture stirred at 
80° one hour. It was then poured into 100 ml 0.5M KH2PO4 (aqueous) and washed with 2 x 25 ml CH2CI2. 

15 The combined organic washes were backwashed with 25 mi 0.5M KH2PO4. 157 Mg (0.463 mmole) 
BU4NHSO4 was added to the combined aqueous phases. This was extracted with 2 x 25 ml CH2CI2 and 
the combined extracts were dried over MgS04, filtered, and stripped Jn vacuo to yield 12.4 mg of an oily 
residue which was chromatographed on a small silica gel column, eluted first with 75 ml hexane/ethyl ace- 
tate (3:1) to remove starting material, the with 100 mi ethyl acetate/methanoi (4:1) to yield 13 mg (5.7%) 4- 

20 acetoxy-3-rhpropyla2etidin-2-one-1-sulfonicaddtetrabutyIammoniumsalt 

NMR (CDCb): 6 1.0 (m, 16H), 1.75 (br m, 20H), 2.16 (s, 3H), 2.90 (br s, H), 3.1 (tr, 1H), 3.3 (tr, 8H), 4.08 
(brtr, 1H),6.18(s,1H). 
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Claims 

1 . Compound of general formula I: 




I 

\ A 



wherein: 

- the wavy lines mean that R, Ri, H and R3 can be at the a or the p positions and 

- R is: H or 
40 C1-6 alkyt. 

-Riis:H 
C1-6 alkyl 
C2-6 aikenyl 
Ci-ealkoxyor 
45 CsHs 

- R3 is: SO-Ct-6 alkyl 
COO-Ci-e alkyl 

COO-CH2-C6H6 with CeHs eventually substituted in para-position by -COOH 
O-CO-Ci-e alkyl with Ci-e alkyl eventually substituted in terminal position by -COOH 
O-CO-CeHs 

O-CeHs with CeHs eventually substituted in para-position by -COOH 



/ C 1 , aikyl 
55 CO-N^ M 

C^ 6 aikyi-COOH or 



with the proviso that when A » H, if R - R1 « H, Rs is different of -O-CO-Ct-ealkyt, -O-CO-Ce-H* or 
O-CsHs and if R » R1 - CHa, R3 is different from O-CO-CH3. 
- A is: H 

CO-C1-6 alkyl, Ci-e alkyl eventually substituted by -COOH in terminal position 
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CO-CeHs 
CO-NH-d-a alkyi 
CO-O-d-e aJkyl 
S03-(Bu)4N + l or 

SOe-CeHs, CeHs being substituted in para-position by NO2 or CH3. 

2. Compound of general formula according to claim 1 selected between the following examples: 

(a) 1 -acetyW-methylsulfinylazetidin-2-one; 

(b) 1-acetyl-4-acetoxyazetidin-2-one; 

(c) 4-acetoxy-3-ethylazetidin-2-one; 

(d) 1-acetyl-4-acetoxy : 3-ethylazetidirh2-one; 

(e) 1-acetyl-4-acetoxy-3-n-pnopylazetidin-2-one; 

(f) 3-phenyl-4-ethoxycarbonylazetidin-2-one; 

(g) 4-benzyloxycarbonyl-1 -p-nitrophenylsulfonylazetidin-2-one; 

(h) 1 -acetyl-4-acetoxy-3 ( 3-dimethylazetidin-2-one; 

(i) 3-phenyl-4-ethoxycarbonyM -p-nitrophenyl-sulfonylazetidin-2-one; 

(I) 4-ac8toxy-3-n-propylazetidin-2-one-1 -sulfonic acid tetra(n-butyl)ammonium saJt; 

(k) 4-ethoxycarbonyl-1 -p-nitrophenylsulfonyl-3-vinylazetidin-2-one; 

(I) 4-ethoxycarbonyl-3-ethyi-1 -p-nitrophenylsulfonyiazetkJin-2-one; 

(m) 4-ethoxycarbonyl-3-ethyM -p-methylphenylsulfbnylazetidin-2-one; 

(n) 4-ethoxycarbonyl-3-n-propyl-1 -p-nltrophenylsulfonylazetidIn-2-one; 

(0) 3-aily l-4-ethoxycarbonyl-1 -p-nitrophenytsulfony lazetidin-2-one. 

3. Pharmaceutical composition for the prevention, control or treatment of inflammation and/or degen- 
eration comprising a pharmaceutical carrier and a therapeutically effective amount of a compound of 
formula I, according to one of claim 1 or 2. 

4. For the manufacture of a medicament for the prevention, control or treatment of inflammation 
and/or degeneration, the use of a compound of formula I according to one of claim 1 or 2. 

PatentansprOche 

1 . Verbindung der allgemeinen Formel I: 



WW 



Rj H 

i 



-N 



I 

X A 



worm 

- die geschwungenen Unien bedeuten, daB R, Ri, H und R3 in der a- Oder p-Stellung sein kflnnen und 
-RHoder 

Ci-e-Alkyl 1st; 

-RiH, 

d-e-Alkyl, 

C2-.e-AIkenyl, 

Ci-e-Alkoxy Oder 

CeH 5 ist; 

- Rs SO-Ci-e-Alky!, 
COO-Ct-e-Alkyl, 

COO-CHa-CeHs, wobei CeHs gegebenenfalls In der para-Stellung durch -COOH substltuiert 1st, 
O-CO-Ci-e-Alkyl, worin Ct-e-Alkyl gegebenenfalls In der Endstellung durch -COOH substituiert 1st, 
O-CO-CeHs, 

O-CeHs, wobei CeHs gegebenenfalls in der para-Stellung durch -COOH substituiert 1st, 
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CO 



CO 




10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



mit der MaBgabe, daB, wenn A = H, fails R -» Ri » H p Fb von -O-CCKWAIkyl, -O-CO-CeHs Oder 
OCeHs verschieden ist, und fails R » Ri = CHa, R3 von O-CO-CH3 verschieden ist; 
-AH, 

CO-Ci-6-AIkylp wobei Ci-6-AIkyI gegebenenfalls in der Endstellung durch -COOH substituiert ist 

CO-C e H 5 , 

CQ-NH-Ci-e-Aikyl, 

CO-O-Ci-e-Alkyl, 

S0 3 -(Bu)4N + Oder 

SOa-CeHs, wobei CeHs in der para-Stellung durch NO2 Oder CH3 substituiert ist, ist. 

2. Verbindung der allgemeinen Forrnel in Anspruch 1 f ausgewihlt aus den folgenden Beispielen: 

(a) 1 -Acety!-4-methyisulfiny!azetidin-2-on; 

(b) 1-Acetyl-4-acetoxyazetidin-2-on; 

(c) 4-Acetoxy-3-ethyiazetidin-2-on; 

(d) 1-Acetyl-4-acetoxy-3-ethyiazetidin-2-on; 

(e) 1 -Acetyl-4-acetoxy-3-n-propyiazetidin-2-on; 

(f) 3-Phenyl-4-ethoxycarbonylazetidin-2-on; 

(g) 4-Benzyloxycarbonyl- 1 -p-nitrophenylsulfonylazetidin-2-on; 

(h) 1 -Acetyl-4-acetoxy-3,3-dimethylazetidin-2-on; 

(i) 3-Phenyl-4-ethoxycarbonyi-1 -p-nitrophenyl-sulfonyiazetidin-2-on; 

(j) 4-Acetoxy-3-n-propylazetidin-2-on-1 -sulfonsaure-tetra-(n-butyi)ammoniumsalz; 

(k) 4-EthoxycarbonyM -p-nitrophenylsulfonyi-3-vinyIazetidin-2-on; 

(I) 4-Ethoxycarbonyl-3-ethyM -p-nitrophenylsuIfonyiazetidin-2-on; 

(m) 4-Ethoxycarbonyi-3-ethyl-1 -p-methylphenylsulfonylazetidin-2-on; 

(n) 4-Ethoxycarbonyl-3-n-propyi-1-p-nitrophenyisulfonylazetidin-2-on; oder 

(0) 3-Ailyl-4-ethoxycarbonyl-1 -p-nltrophenylsulfonylazetidin-2-on. 

3. Pharmazeutische Zusammensetzung zur Verhfltung, Bekimpfung oder Behandiung von Entzundun- 
gen und/oder Degenerationen, welche einen pharmazeutischen Trager und eine therapeutisch wirksame 
Menge einer Verbindung der Formei ( nach einem der AnsprOche 1 oder 2 umfaBt 

4. Verwendung einer Verbindung der Formei I nach einem der AnsprOche 1 oder 2 zur Hersteiiung ei- 
nes Medikaments zur Vorbeugung, BekaTnpfung oder Behandiung von EntzQndungen und/oder Degene- 
rationen. 

Revendlcations 

1 . Compose de formule generate I: 



dans lacjueilez 

- les traits onduies signifient que R, R1, H et R3 peuvent §tre en positions a ou p, et 
- R est H ou 

un groupe aikyle en Ci-Ce, 
-RiestH, 

un groupe aikyle en Ct-Ce, 
alcenyle en C2-C6, 
aicoxy en Cr-Ce ou 
C 6 Hs, 
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- R3 est un groupe SO-(alkyle en Ci-Ce), 
COO-(alkyle en CrC 6 ), 

COO-CHa-CeHs, CeHs 6tant eventuellement substitud en position para par-COOH, 
0-CO-(alkyl en Ci-Ce), le groupe alkyie en Ci-Ce 6tant 6ventuellement substiUfe en position ter- 
minate par -COOH, 
0-CO-C 6 H 5> 

O-C6H5, C6H5 6tant Eventuellement substitu6 en position para par-COOH 

^alkyie en Cj-Cg 

CO-N 

\alkyl en C 1 -C g )-COOH ou 

co-nQ 

k condition que, iorsque A=H, si R=Ri«H, R 3 soit different de -0-CO-(aikyie en Ci-Ce), 
-O-C0-C 6 H 5 ou O-CeHs et que, si RoRi=CH 3l R 3 soit different de O-CO-CH3; 
-AestH 

un groupe CO-(aIkyle en Ci-Ce), aikyle en Cr-C 8 Eventuellement substituE par -COOH en position 

terminale, 

CO-C 6 H 5 

CO-NH-(aikyle en Ci-C 8 ) 
CO-0-(alkyle en Cr-C 8 ) 
S03-(Bu)4N+, ou 

SO2-CSH5, C6H5 Etant substituE en position para par NO2 ou CH3. 

2. Compose de formule g6n6rale selon ia revendication 1 , choisi parmi ies exemples suivants: 

(a) 1 -ac6tyl-4-m6thylsuffinylaz6tidine-2-one; 

(b) 1-ac6tyl-4-acetoxyaz6tidine-2-one; 

(c) 4-ac6toxy-3-6thylaz§tidine-2-one; 

(d) 1 -ac£tyM-ac6toxy-3-6thylaz6tidine-2-one; 

(e) 1 -ac6tyl-4-ac6toxy-3-n-propylaz6tidine-2-one; 

(f) 3-ph6nyi-4-4thoxycarbonyla26tidine-2-one; 

(g) 4-benzy!oxycarbonyl-1 -p-nitroph6nylsuIfonyiaz6tidine-2-one; 

(h) 1 -acetyl-4-ac6toxy-3 f 3-dim6thyiaz§tidine-2-one; 

(i) 3-ph6nyl-4-6thoxycarbonyM -p-nitroph6nylsuffonylaz6tid!ne-2-one; 

(j) sel de fetra(n-butyl)ammonium de I'acide 4-ac6toxy-3-n-propylaz6tidine-2-one-1-suifonique; 

(k) 4-§thoxycarbonyH-p-nitroph6nylsulfonyl-3-vinylaz6tidine-2-one; 

(I) 4-£thoxycarbonyl-3-£thyl-1 -p-nitroph§nyisuifonylazetidine-2-one; 

(m) 4-&hoxycarbonyl-3-6thyM -p-m6thylph6nylsulfonylaz6tidlne-2-one; 

(n) 4-4thoxycarbonyl-3-n-propyl-1 -p-nitroph6nylsulfonylazetidine-2-one; 

(o) 3-aliyl-4-£thoxycarbonyl-1 -p-nitroph6nyisulfonyiaz6tidine-2-one. 

3. Composition pharmaceutique pour prEvenir, enrayer ou traiter 1'inflammation etfou ia d6g6n6res- 
cence, comprenant un vEhicule pharmaceutique et une quantity thSrapeutiquement efficace d'un compo- 
st de formule I, selon I'une des revendications 1 ou 2. 

4. Pour la fabrication d'un medicament pour privenir, enrayer ou traiter llnflammation et/ou la d6g6n6- 
rescence, I'utilisation d'un composd de formule I selon I'une des revendications 1 ou 2. 
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